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Optical properties airing  
The Miramar palace in San Sebastian, Spain
was the location of a small workshop on
“Optical properties of complex materials
over different length scales” where more
than 50 experts in the fields of nano- and
micro-photonics, microwave technology, and
related areas presented their work in a
friendly atmosphere, challenged only by
excellent weather and the facilities. 
The purpose of the workshop was to com-
bine the knowledge on the properties of
electromagnetic fields in complex  struc-
tures (eg photonic crystals) coming from 
different communities that exploit similar
physical phenomena over different length
scales, from the microwave to the near ultra-
violet, yet seldom find the opportunity to
share their results. 
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Transmission through sub-wavelength
holes in thin films was one of the subjects
that attracted most interest.T Ebbesen [1]
presented his experimental results on
enhancement in the transmission and sub-
sequent focusing by decorating an isolated
hole with concentric indentations on
either side of the film. A theoretical
description of this effect was given by L
Martín-Moreno [2]. More experimental
results on holes in thin films were present-
ed by J Prikulis and M Käll, who compared
their results with extinction spectra in
thin films decorated with nanoparticles,
also discussed by J Aizpurua [3], and by L
Guidoni on short pulses to study the fem-
tosecond dynamics of light transmission
through holes.
S Coyle discussed reflectivity properties of
nanoporous metallic surfaces [4] while
intuition on symmetry properties satisfied
by Maxwell’s equations was challenged by
N I Zheludev and his results on planar chi-
ral nanostructures [5], where the non-local
part of the material response seems to be
at work.
Many of the discussions were centred on
left-handed  materials, also called doubly
negative materials, since they require that
both the dielectric function and the mag-
netic permeability be simultaneously nega-
tive for a given light frequency.
This is possible in the microwave 
domain using the metamaterial structures
introduced by J. B. Pendry [6], who con-
tributed by explaining and  expanding on
his concept of perfect lenses based upon
amplification of evanescent waves [7].
A consensus was agreed that perfect
reconstruction of the object by one
such lens is possible, although new
improved designs are necessary to over-
come some difficulties imposed by
absorption in this kind of media, that
might limit the performance of the lens
severely. This debate is triggering an
intense search for new materials and
complex meta materials that can fulfil
the ideal of doubly negative lossless
media at optical frequencies. Among
them,V M Shalaev presented a candidate
structure consisting of an assembly of
two-parallel whisker objects of submi-
cron thickness [8]. Negative refraction
was also discussed by S  Tretyakov
(Helsinki, Finland) and R Marqués
(Sevilla, Spain) on theoretical grounds.
Photonic crystals were discussed by sever-
al speakers both in the visible/near-infra-
red region and in the microwave domain.
E Ozbay presented evidence of negative
refraction in two dimensional crystals
designed to have a single band at
microwave frequencies with negative dis-
persion slopes [9]. Photonic crystals in
co-planar microwave technology (ie. print-
ed circuits) was discussed by M Sorolla
from Pamplona., Spain..
In the optical regime, F Meseguer intro-
duced opal based diamond lattices of Si
spheres [10] and other surprising struc-
tures. H Benisty from Orsay (France) and A
Postigo from Madrid (Spain) presented
exciting results of planar photonic crys-
tals, and A Modinos showed that Anderson
localisation can be possible in fcc opals
with stacking faults [11].
Active media, random lasers and new
designs for laser cavities also received
some attention, basically in connection to
the work of D.Wiersma’s group (random
laser action) from Florence, Italy, and  A
Postigo and H Benisty (photonic crystals
in active media).
One sessions was devoted to electron
microscopy and in particular to  analysis
of plasmons and other valence-energy
excitations in complex structures by
means of fast electrons.
Electron microscopes can  focus an beam
over a region of the sample as small as
1nm, leading  spatial resolutions, that can
be combined with energy-loss resolution
below 1eV. General consideration of  the
application of this technique to photonic
structures were discussed by A Howie,
Cambridge (UK), particular emphasis on
the aloof mode of operation, where the
electron beam does not touch the sam-
ple, but excites collective modes  result-
ing  in electron energy losses, without
causing damage to the material.
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Cherenkov radiation applications in photonic crystals was
sketched by N Zabala [12]. Another approach consists in col-
lecting the light induced by the passage of the electrons, a
technique pioneered by N.Yamamoto [13] in connection to
plasmon excitations. He presented results that combine the
excellent spatial resolution of his microscope with meV energy
resolution in the light detection system.
Other phenomena discussed included electromagnetic forces
acting on nanoparticles (M Nieto-Vesperinas [14]], non-linear
effects (C N  Afonso, Madrid, Spain, and  T Heinz [15]), Casimir
forces (C. Genet [16]), spontaneous emission (L.A. Blanco, San
Sebastián, Spain), and the role of plasmon resonances in control-
ling the flow of light on the subwavelength scale (B Barnes,
Exeter, UK, and A Dereux, Dijon, France).
One of the driving forces in achieving new discoveries in the
field of optical metamaterials is its practical realisation  by using
existing Si-based integration technologies. Semiconductors are
at the heart of the research in this area. New advances in the
control of light within the subwavelength domain are some
times a reflection of new techniques in micro- and nano-fabrica-
tion, using these materials.
The new phenomena discussed had much to do with these
goals. Many of the discussions involved control of the evanes-
cent field, as a characteristic subwavelength scenario, and sur-
face plasmon resonances, now  receive renewed interest, even
though surface plasmon for planar surfaces was predicted almost
50 years ago [17].
It is hoped that the combination of new fabrication techniques,
new advances in semiconductors and composite materials, and
new ideas  to manipulate light in the sub-micron domain will
combine to produce fruitful research with many practical appli-
cations. In turn innovating fields like optical and quantum com-
putation, telecommunication technologies, and related areas.
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P. M. Echenique (right) and F. J. García de Abajo, co-chairs of the San
Sebastian workshop
GaAs via hole GaAs/AlGaAs VCSEL Si micro lenses
SENTECH Instruments, Carl-Scheele Str. 16
12489 Berlin, Germany
www.sentech.de, info@sentech.de
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